aanme tac u 


i ‘ ~S~mi - 


i at*:_*______ 1 .• ■_:_: - — 


'■ ~-lL~ 


- • — . - 4 - -*“ -I 


Plant Anticancer Anants Vi New Bisindole Alkaloids from 


< _./ls CD . . f \-r > J / !■* . I/O: :A £ ^ ^ Ak 


■= * r 

-r ■;!- 


Tlf 


DAVID G. L XING3VGN A 3. 3, GMiSKAST s V, JONESCU, 
ht M. MANGINO, ajid 8. ML SAMI 

Halved Petembe? 22 : ..f/?C 3 Acs.. tl r _Dv. tPTmmi c; Che m/s Ay, Pdy£ac&rcle insr/twile and State University, Blacksburg, VA 

2406 1. Acoeptod fc, pub ioat'c-i ivfay 13, 1977* 


Abstract o The isolation and structure elucidation oi tine tnree new 


W- 


tLhvJOic 

alkaloids, 

dorammej 

„ -n, ► 

ifom j lj c 

V.i ? isc-iav 

r., v , f , 

* J11 L 1 'L L J i_- 

; . ’pe 

J, c ■- ----- - L A - > 

; ■” ' ■ ■ " 1 : v 


gaburimh, iscveaear.gkis, itogjumme, p^rkydiyihe* and perivine, from 
the same Msurce also is noted. The alkaloids gebunsmine, sabunzne, and 
t&berh&fttfri® showed siguhlcsr.t c^tctoocaty &g r ein$r,the P-3SS call culture 

?\>d£Tn, 

yphrases □ Alkaloids, va.dour—Uolatec. from Tabemaeftionianct 
ioknsimii stem bark, structures eluddateA cytotoxic activity evaluated 
O 7 k b erne a t/w n t a n a jtihtut&riii —stem bark, various alkaloids isolated, 
structures: elucidate A oytosojdc activity evaluated D Cytotoxic activ¬ 
ity— i/aHous alkaloids isolated from T<xb&r%a&n&rdcvfiCi Johns tonii stem 
b-srk evaluated 
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V the nasopharynx and against lymphocytic leukemia of 
the moose (P-388). No or evicts studies on the eonstitnenis 
ol‘ this plant have been reported, but plants classified in 
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tne'i a bemaemontaneae tii.be are a ncn source pf 1 

alkaloids (1), 

The tribe is almost the sde plant source of the iooga- 
type alkaloids* the related voaeamlne group of bisaik&icicis, 
and the vobtusme group of bis alkaloids: it is also an im¬ 
portant source of the 2-acyiindole alkaloids and has af¬ 
forded other tv'ces of indole alkaloids (1—8;„ T tie ulont iP. 
hoktii. a close relative of T, joknsiordi, was shown to 
contain the bismdole DkAoNs eonodurine. cGiiodnrarniiie, 
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with sh'ticm bv £ chiorofcrsvi-riiethanol gradient, yielded 14 fractions, 


B-G. 


Iso^oacangme (f)—Chromatographic separation of the combined 
Fractions C and D (14 g) on a silica gel column, with elution by chloro- 
fcvr-y yielded a brown oil (3 g) hi one group of fractions. Crystallization 
from methanol gave isovoecaugine (I) as colorless crystals, mp 156-157°, 
unde pi essed in admixture with authentic material (5). The spectroscopic 
prep a lies {YR, UV, and NMR) or the isolated material were consistent 
vAih this structural assignment. 

Cc^aduri^e (1!) and CoAcdu?amine (III )—Fraction G (13.5 g) de¬ 
posited crystals on standing in methanol etO c . Purification of the crys¬ 
talline material by preparative TLC, with development by ether-hex- 
ane-methanol (4:5:1) followed by final crystallization from methanol, 
yielded IL Fraction I (19 g) was subjected to column chromatography on 
TLC grade silica gel, with elution by ether-hex an e-methanol (4:5:1), to 
yield a major fraction; this fraction gave pure 111 on crystallization from 
methanol. Both alkaloids were identical with the samples previously 
described Ul 

I b-ugana i:as ilV), 9 e liey el i viae ? and I^O-Epcxyconoduramine 
(V ) —Ghromstogrunhic separation of Fraction J on silica gel, with elution 
by benzsn»-dichk nom gtbane-e*ther T?0:8:5), yielded 14 major fractions. 
Purification of fraction 3 (1,2 g) by preparative TLC, with development 
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by ben^ene-etner (5:1), yielded i bogs mine (IV) as the major product, nip 
159-161°, undepressed l n adm ixture w[th authentic matariai (3, 7), Its 
IR spectrum was superimposable on that of authentic material h Fraction 
7 (0,22 g) was purified by preparative TL/J, with development by etiiar, 
to yield pericyciivine as the major component, mp 222-223° (a"tor crys¬ 
tallization from methanol), undepressed in admixture with authentic 
material (4). 

Fraction 10 (0,96 g) was subjected to preparative TLC in henzene- 
dichloromethane-elher-methanol (25:20:25:7). I’he center band v/es 
eluted and subjected to repeated preparative TLC in bensene-dichlo- 
ronr e th ane-e 1 h er-m e t ha nol (20:16:20:3) to yi eld 19,20-ep or, ycon od if rs - 
mine (V) as colorless crystals (10 mg). The material had an R> of 0.75 in 
the second solvent system and gave a brown color with tire ceric sulfate 
spray reagent. I 1 he UV spectrum of the isolate showed A max 22S (log ■: 
4.72), 288 (4.12), and 295 (4.16) nm; its IR spectrum showed a strong band 
at Ani*K 1730 cm -1 . 

Peri vine, Gabunine (VI), arid Gabunariiine (VEI)—Fractions L and 
M were combined (10 g) and subjected to chromatography on silica ge! r 
with elution by benzene-dichloromethane-ether (5:4:3) containing be¬ 
tween 1 and 10% methanol, to yield 25 fractions. Fraction 5 (600 mg) was 
purified by preparative TLC in chloroform-methanol (90:10) to give 
perivine (280 mg) and gabunine (VI, 90 mg), identical mih the samples 
previously described. 

Fraction 8 (680 mg) was purified by preparative TLC in chioroforrn- 
methanol (95:5) to give gabunamine (VII, 84 mg). The Isolated rnateriai 
was homogeneous on TLC, with Rf 0.35 in benzene-dichloromethane^ 
ether-methanol (25:20:15:6), and gave an orange-brown color wLh the 
ceric sulfate spray reagent. Its IR spectrum showed several similarities 
to that of gabunine, with major absorptions at X maj£ 3430, 1715. and 740 
cm -1 . Its mass spectrum showed principal ions at m/<? 704 (4), 690 (MT 
2), 646 (6), 525 (3), 510 (4), 451 (4), 394 (4), 352 (10), 338 (21), 336 (20), 
310 (12), 225 (43), 194 (60), 183 (22), 182 (36), 181 (26), 180 (40), 172 (40), 
166 (100), 158 (47), 136 (35), and 122 (50). Its NMR spectrum showed 
signals at 5 0.90 (3H, triplet), 1.70 (3H, doublet), 2,48 (3B, singlet), 3.70 
(3H, singlet), 3,96 (3H, broad singlet), 6.80 (1H, singlet), and 7.08 (4H, 
broad peak) ppm. 
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ratec- 
Siandara 


Chemical Modifications of VH—Compound VII (5 mg) was he 
under reflux with 10% HCl-methanoi (1:1) (5 mi) for 12 hr (8) 
workup gave a crude product containing i (identified by TLC and its color 
with ceric sulfate) as the major component. Methyls lion of VII by £ liL 


V£. 0 £iW’£'..:...::e ; r —me major far ihe structure of 

new bisindoie alkaloid was presented previously (11), It is of some by 
portanca, however, assign urambiguouciy the'p oaitior. of attachr,- m. 

of the vobasane ring system to ths ibogamlne moiety. Therefore, i 
original arguments ate amplified as fo] lows, 

The basic question consent* the assignment of the signals of the in dob 
protons in the MMR spectrum of tabernamine. In deuterochlorofom. 
tabernamine shows a doublet at 5 7.45 (1H) ppm and what appears to he 
a portion of another doublet at 7.03 (IH) ppm. One part of this secor.i.: 
signal is obscnred, however, by a large comp13x signa 1 cen tered at $ 7.1 
ppm because of the aromatic protons of the vobasane indole ring, irr 
methanol, an AB quartet is clearly visible as two doublets at fi 6,88 and 
7.28 ppm. 

In simple indoles, the 4-proton (corresponding to the 11'-proton % 
tabern amine) absorbs down field of the 5-, 8-, and 7-protons; for indoiv 
itself in acetone, for example, these resonances occur at X 7.55,7.00.7.Or. 
and 7,40 ppm, respectively (12). In various methyl indoles, the 4-prolor 
absorbs dov.mf’sld from tkf remainin’Z o^otons at about fi 7,4—7.5 (chlo¬ 
roform) or 7.2 (acetone) ppm (13). On this basis, it is possible to assign 
the doublet observed at fi 7.45 (chloroform) or 7.28 (methanol) ppm u 
the IT-proton in ts.bemamro9, coupled with a coupling constant of 8 i-L 
to the 12'-proton whose resonance is observed at fi 7.03 (chloroform? ■" 
6.8S (methanol) ppm. Since the 12'-proton 3hows no further couplhy 
the 13'-position must be occupied by the vobasane moiety, as indscilr ' 1 
in Structure VIII. 

Furthermore, it is known that the 7-proton of indole frequently shit , 
downfisid when a more polar solvent, is employed (14), while the 4-pcotor- 
frequently shifts upfisid under the same conditions (13). The observer 
upfieid shift of the signal at fi 7.45 ppm in chloroform to 7.28 ppm ; 
methanol is consistent only with its assignment to the IT-pro ton. cor 
respondin % to t he 4 - pr oton of indole. 

A fu rther a eg* u rr e n t in fa v or o f S tr u c t u r e III for tabeniamine c om - 
from studies of the position of electrophilic substitution m indole. J: - 
tbcugh electrophilic substitution on the benzene ring of indoles occurs 
in both the 5- and S-posltions, the 8-position is usually the major site T 
attack (15). In particular, eierfrophilic substitution on indoles containing 
a basic side chain .occuls almost exclusively in the 6-position; tryptopr-'C 
nitrate, forex am pie, u n d erg oes r> i zis t i o n i u the 6 ■ po si t ion to y u- 
nitrotryptophan (16). Therefore, it is most likely that ibogamine. con- 
tairing a task aide chain, undergoes substitution in the ItT-pcsrli- r. 
corresponding to the 6-position of indole, to yield, tabernamuie ■ : 
Structure VIIL 

19j20-Spcvy ccr :^or'.]""I." e ( /) i. oe evidence for thestructct. - ■■ 
this oonspoundt isolated in very small yield from one specific fraction em. 
is en ti re! y spec fcro s eo pi c. Th e stru c t u ? a 1 a ss 1 go m ent sbou! d b e r eg a v de ■' 
s tentative unless or until a larger sample can be made available cv 


d egr a d a * 1 ve sludi e 5. 


The u V spectrum of the compound snoweo typical mdoie absorption, 
and its mass sue drum showed oeaks tyolcal of bis hr dole alkaloids or fc« e 

La 

conoduramine type. The parent ion was 16 mass units higher than ma 
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.•¥y-riOQUi’at5-.:r:x. roouiriirg the placement of an additional oxyger, ire the 
a&o'ecule, A careful analysis of the mass spectrum indicated that the 
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tji&aikajoidi _ jile, the riormal ;oakL derived -rcr. Liicye-^e portion 
■r Lhe iboga moiety were cus^rved at m/e 122 1 138, and 148 (17). The 
peeks -gt in./f? I S3,.. 37.. nl Ifd. ho r .^e' ;! :V, 'v*h! cn -.vculd be expected fr en 
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ni h 198* 198* and 2:0.. the email b. conchy peaks remaining at m/e 150, 
182. and 194 presumably arise from the (M — 16) +i ion discussed late. 
Two important inns indicate that the additional oxygen atom is located 

■ an epoxide function in the I0 T .2(Tpositron of .the -obasene moiety. An 
a-er.se peak ax m/e 376 Is arm to loss of 66 mass uni to from the parent 
ion; the fragment lost in this process can also bear the charge and, in this 
omc, appears as an bn ex mfe 4-4. Loss o i 44 mass units Is & relatively 

r. cum on process hi mass spe-cuo ".retry anc is not observed fern oormal 
•i.-bodole alkakhd: of this type, It can be explained adequately, however, 
■y die IS,20‘fipo:drie structure proposed, tip he epoxides undergo trsna- 
atmular cleavage, loading in this case to the loss of a C2H4O fragment (18). 

' h? observation cf s. fragment km si ;u/e 704 {M — IS) is also consistent 
' A the epoxide formuiation., sloes iocs of orygevi has bean observed from 

■ I & r a 1 k aioi da I e 0071 a as (17}, 

ihe hi MR spectruna of Tire s&w ocme cone fo.iiy supports the structure 
■'nosed. In car:Ica¥" ; the thnee^prptnti : "'ouc:e J i- at f 1,34 upm may as 
.7 ;ved to the Igf.rhStHy! group (18;, soc thro:-croton shigl-sxt a: 7 i.42 f 
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ti on 5 h I p to c on odu ram i rs e a nd re I a te d mole c u les, wh i 1 e the N M R s pe c - 
tru r, indicated that it differed from conodura mine only in the lack of an 
N -methyl group. The name gabunamine is assigned to the compound 
since It Is related to conod or am I no in the same way that gabunine is re- 
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C y-iz male AaC tiwM^s—The isolation of the alkaloids described was 
undertaken on the basis of the cytotoxicity of the various fractions in- 
vesugared; the cytotoxicities of Fractions C-O* and of the alkaloids iso- 
iat&d therefrom, are given in Table I. The cytotoxicity of 19,20-epoxy- 
once;mine could not be determined because of the scarcity of materi¬ 
al. 

The P-388 in vitro assay system appears to be more sensitive to most 
indole s!kafoids tested than does the KB assay, and it thus might prove 
• 0 be a generally useful screen for compounds of this type. The alkaloids 
isolated else largely account for the cytotoxicity of the fractions from 
■■■Teh they "-ere Isolated; although the possibility cannot be excluded 
that other* unknown com.pounds also contribute to the cytotoxicities of 


Cue ch :.oe .racyone. 
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